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I. Introduction
Our study examines the interplay between returns on selected commodities and the US dollar (USD) exchange rates. Our initial hypothesis is that shocks in commodity futures settlement prices inversely affect the values of USD in foreign currencies. In other words, rising commodity futures prices result in USD depreciation and declining prices in USD appreciation. Based on key findings in the prior literature, we assume that the impact of commodity futures prices on the exchange rate varies significantly in time. This causal impact is particularly sensitive to financial market risk conditions. Specifically, at normal market periods the USD depreciation is associated with rising commodity prices, while at times of financial distress, i.e. under high market risk conditions, the USD appreciation corresponds with higher commodity futures prices.
We focus our analysis on two crude oil and two metal one-month futures settlement prices that have been widely discussed in the literature as more or less significantly related to exchange rate movements. Specifically, the commodities included in our exercise are: West Texas
Intermediate (WTI) and Brent crude oil, copper and gold. The returns on commodity futures are expressed as changes in logs of their settlement prices. The returns on USD are expressed by two measures: as changes in logs of USD value in euro (EUR) and USD Trade Weighted exchange rates (TWEX). We test causal interactions and impulse responses between commodity futures prices and exchange rates. We employ linear multiple breakpoint regression to examine their changes over time. We assume that returns on crude oil futures and the exchange rates are very sensitive to market risk conditions. Our underlying assumption is that at normal, low market risk periods the two pairs of returns display an inverse relationships, while at turbulent times their relationship becomes positive. As suggested by several recent studies (Lizardo/Mollick, 2010; Ding/Vo, 2012; Reboredo, 2012) , these relationships hold well for all examined commodity spot and futures prices in relation to USD in EUR and TWEX, albeit mainly in the aftermath of the recent financial crisis, i.e. in the presence of massive liquidity injections to financial markets.
In line with several prior studies we assume that there is a prevalent causal impact of changes in commodity prices on the USD exchange rate (Lizardo/Mollick, 2010; Ding/Vo, 2012; Fratzscher, et al., 2014) .
We begin with a survey of pertinent literature in Section II. In Section III we analyze bivariate causal relationships between returns on commodity futures prices and on USD exchange rates by testing them with Bayesian vector autoregression (BVAR) with impulse response functions. In Section IV we devise an underlying analytical model and test it empirically with BaiPerron multiple breakpoint (MBP) regressions. MBP enables us to identify discernible phases in the changeable relationships between commodity futures and the exchange rates. In Section V we check robustness of these tests and gain insights on their time varying patterns by estimating TwoState Markov Switching Models (MSM). The concluding Section VI contains a summary of our key findings.
II. Survey of Pertinent Literature
The literature examining the relationships between commodity spot as well as futures prices and USD exchange rates is extensive and it seems to follow two research streams. The first of them is consistent with our analytical assumptions and empirical findings assuming a causal impact of changes in commodity prices on the exchange rate. The second stream follows reversed causal effects, assuming a prevalent impact of changes in the USD exchange rate on commodity prices.
The causal effects of changes in commodity prices on exchange rates are evidenced among others by Lizardo/Mollick (2010) . They show that crude oil prices significantly and continuously 5 explain changes in the USD exchange rate. Reboredo (2012) , Ding/Vo (2012) and Chiang, et al. (2014) expand this analysis by demonstrating that such causal impact became stronger during the recent financial crisis. We add to this debate by showing reversals in such inference. While at normal periods increasing commodity futures prices entail the USD depreciation, they result in the USD appreciation at times of financial distress. In our analysis, this direct relationship is transmitted via higher market risk during turbulent market conditions that lead to the USD appreciation.
There is a notable distinction between short-run and long-run effects of changes in commodity futures prices on the exchange rate. Among others, Bénassy-Quéré et al., (2005) argue that oil prices significantly and inversely affect the USD exchange rate in the short-run, but their relationship becomes direct in the long-run. Yet, their analysis is based on monthly data ending in 2004 and may not hold for the more recent period much affected by the recent global financial crisis and its resolution policies. In a newer study, Allegret et al., (2015) show that real currency appreciation following demand-driven rise in oil prices affects only selected countries and their exchange rates and they argue that the proportional role of individual macroeconomic and institutional factors affecting oil prices has changed over time.
There are several studies supporting the second stream of the literature that assumes prevalence of a causal impact of changes in the USD exchange rate on commodity prices. Based on historical evidence of co-movements between oil prices and exchange rates, Zhang et al. (2008) as well as Zhang (2013) show that changes in the USD exchange rate inversely affect changes in oil prices. However, they also show that sudden surges in exchange rate volatility have no impact on fluctuations in oil prices. Similarly, Wu et al., (2012) and Beckmann/Czudaj (2013) provide some evidence that the USD depreciation against major currencies results in a corresponding 6 increase in oil prices, although this functional relationship is subject to right-skewness, i.e.
prevalence of positive over negative shocks, as well as leptokurtosis (tail risks). In a similar vein, Sari, et al., (2010) provide evidence of short run responses of changes in metal future prices and weaker response of oil prices to fluctuations in USD exchange rates.
As a compromise to the discussion about prevalence of causal effects in the relationships between commodity (spot and futures) prices and USD exchange rate, Fratzscher et al., (2014) argue that there is a pronounced causality between oil prices and USD exchange rate in both directions. Nevertheless, they concur that the USD depreciation is brought about by positive shocks in oil prices and this directional effect has been prevalent. They further prove that the negative correlation between oil prices and USD exchange rates has become recently become stronger due to higher market risk triggered by the recent financial crisis. As a result, crude oil and its derivatives have gained importance as global financial assets. In an earlier study, Breitenfellner/Cuaresma (2008) also demonstrated an increasing association between oil prices and exchange rates, attributing it to improved accuracy of forecasts of both commodity prices and exchange rate. The strengthening impact of commodity prices on exchange rates and on other macroeconomic variables stemming from greater stability of their changes and improved forecast accuracy is also proven by Joëts, et al., (2015) .
In sum, the literature seems to imply increasing inference of changes in commodity futures prices on the USD exchange rate. The responses of metal futures, i.e. copper and gold, are stronger than those for crude oil futures.
As shown by impulse response functions in Figure 1b , the causal reactions of futures prices to the USD trade weighted exchange rate are almost identical to the responses to USD in EUR.
We note that our BVAR tests and impulse response functions are consistent with the directional inference suggested by Lizardo/Mollick (2010) , Ding/Vo (2012) and Reboredo (2012) .
Moreover, our causal interactions are reversed to those implied by Zhang, et al., (2008) , Wu et al., (2012) as well as Beckmann/Czekaj (2013) , all of whom showing prevalence of a casual inference from nominal USD exchange rates to oil prices. They also demonstrate that these responses are sensitive to sample periods, market risk conditions and testing (data generating) specifications.
In sum, we detect pronounced and rather instantaneous inverse responses of exchange rates to changes in commodity futures prices. Specifically, positive shocks in all four commodity prices entail a USD depreciation, with a one-day lag. Recognizing the prevalence of such causal reactions, we devise an underlying analytical function for further, more specific empirical tests.
IV. The Underlying Model
Taking into consideration the transmission of shocks from commodity futures prices to the USD exchange rates, we devise the following functional relationship that is a basis for the remainder of our analysis: We fundamentally agree that the relationships between commodity futures prices and USD exchange rates are not uniform over time. They are particularly sensitive to market risk and market liquidity conditions, among other influential factors which in-depth examination is beyond the scope of our analysis 1 . In order to account for different patterns in the relationship prescribed by
Eq. 1 at tranquil vs. turbulent markets, we introduce the Chicago Board Options Exchange VIX market volatility variable into the examined functional relationships in the following form. We augment Eq. 1 with a dummy variable DVIX that assumes the value of 1 at turbulent market periods when VIX exceeds the threshold of 24 and 0 for the tranquil market days of VIX remaining below the threshold. We have identified the VIX threshold of 24 by running the Bai-Perron
Threshold estimation of the stochastic VIX series for the entire sample period, permitting just one structural break. The threshold test has identified 3350 tranquil market days, i.e. VIX oscillating below the obtained threshold, and 1050 days of turbulent markets.
The modified functional relationship that accounts for market turbulence by adding the DVIX variable is represented by:
A number of studies examine a broad range of macroeconomic and institutional factors affecting commodity prices and exchange rates. Worth noting studies addressing these issues include Blanchard/Gali (2007 ), Fraetzscher et al., (2014 and Joëts, et al., (2015) .
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The interactive term   DVIX CP t * log  represents the impact of log changes in commodity prices on the exchange rates during elevated market risk periods. It is plausible to expect that at times of high market risk that might be exacerbated by increasing futures prices, there are significant capital inflows to USD denominated assets. As a result, rising commodity prices are associated with the USD appreciation at times of financial distress, thus the value of the estimated 3  is likely to be positive.
We have conducted a number of empirical tests of the functional relationships represented by Eq. 2. The results of the linear MBP estimations as well as non-parametric MSM tests are shown and discussed in the subsequent sections. We choose only the most robust estimations that are optimized by minimizing the Akaike information criterion.
V. Multiple Breakpoint Regression Tests
We tests the functional relationships between the exchange rates and futures price with the Bai- 
VI. Two-State Markov Switching Tests
The In order to verify the robustness of the multiple breakpoint regression estimation for the USD exchange rates as a function of commodity prices, we employ a Two-State Markov Switching Model. Its estimation also enables us to show directional changes and stability of either direct or inverse relationships between both pairs of variables during the entire examined sample period.
A two-state Markov switching process to simulate is specified as follows:
The process in State 1 is specified as
We expect the process estimated for State (or "Regime") 1 to follow a seemingly different relationship between the returns to the exchange rate and commodity futures prices during the examined sample period to that obtained for State ("Regime") 2. The process reflecting State or Regime 2 is prescribed by
The corresponding transition probability matrix is specified as:
The results of the Markov switching estimation for change in log of the USD in EUR exchange rate as a function of changes in log of WTI and Brent futures prices are shown in Table 3 . The estimations are augmented with a log sigma as a common term.
..... insert Table 3 process. The probability of staying in this stage on any given day is 78 percent and switching to Regime II is only 22 percent. The expected duration of Regime I is 4.6 days, longer than just 2 days expected for Regime II. In hindsight, the relationship between WTI futures prices and USD in EUR exchange rate is predominantly positive, although not very strong.
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The regimes for Brent futures are more divergent. Regime I is prescribed by an inverse, albeit statistically insignificant co-movement. Regime II reflects a strong, positive relationship.
However, the more ambiguous relationship prescribed by Regime I overwhelmingly dominates the process with its 99 percent probability of remaining in it on any given day and its expected duration of 205 days. Evidently, the co-movement between Brent futures and USD in EUR exchange rate is normally not robust, although it becomes stronger and significant at less prevalent times prescribed by Regime II.
Estimations of Markov switching processes for changes in (logs of) USD in EUR exchange
rate as a function of changes in (logs of) copper and gold futures prices are shown in Table 4 . The relationship between copper futures prices and the exchange rate is mainly positive. Regime I depicts a weaker and Regime II considerably stronger positive interactions. Both 1  and 2  coefficients are statistically significant. Regime I dominates the process with a low 23 percent probability of switching and the longer expected duration of 3.6 days. In the case of gold, Regime I reflects a negative, although statistically insignificant co-movement with the exchange rate.
Regime II represents a significant, positive relationship between both variables and this relationship dominates the process with a longer expected duration of 49 days. The switching probabilities for both regimes are very low -only 3 percent for Regime I and 2 percent for Regime II. It can be therefore argued that both copper and gold futures prices are positively related to the USD value in EUR and this direct co-movement is stronger for gold.
….. insert Table 4 around here …..
One of the key, rather unexpected findings of our study are observed in Table 5 that shows relationships between changes in (logs of) USD trade weighted exchange rate and changes in (logs of) crude oil futures prices. In a contrast to results in Table 3 , this relationship is mainly inverse for both WTI and Brent. In both cases Regime I reflects a milder inverse co-movement, while
Regime II shows considerably stronger inverse relationships. All regime trajectories are statistically significant. The dispersion of results found in Tables 3 and 5 Table 6 . Both regimes in the case of copper futures prices in relation to the USD trade weighted exchange rate indicate prevalence of an inverse relationships, in contrast to the direct relationship for the USD in EUR series. Regime II implies a milder inverse co-movement and Regime I a considerably stronger inverse relationship. However, Regime II is dominant with its longer expected duration and a bit higher probability of remaining in it. The Markov switching relationship for gold futures prices is dominated by Regime I reflecting a milder inverse relationship. All obtained estimated ˆ coefficient in Table 6 are statistically significant. ….. insert Table 6 around here ….. 
VII. A Synthesis
We examine the impact of returns on one-month commodity futures prices on returns on USD In essence, market interactions between returns on commodity futures and the exchange rates are not uniform for the examined two crude oil futures, the two metal futures and the USD exchange rates. The relationships between commodity futures prices and the exchange rates are subject to pronounced structural breaks over time. The interplay between these returns is very sensitive to the market risk conditions. At normal market periods, i.e. low market risk conditions, there is a significant inverse relationship between commodity futures prices and exchange rate returns. Generally, it becomes positive at turbulent market times.
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These key findings are derived from BVAR and Bai-Perron multiple break points tests. We check their robustness by employing non-parametric Two-State Markov switching testing. We find unstable interactions between crude oil as well as gold futures prices and USD exchange rates.
Stability of the identified regimes for copper futures prices and both USD exchange rates is considerably better.
Our empirical exercise is focused only on the four selected commodity futures prices and two measures of USD exchange rates. We recognize a need for further investigation of other commodity futures and exchange rates. Changes in USD in EUR exchange rate as a function of changes in log of Brent price Response of DLOG(TWEX) to DLOG(GOLDS)
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